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Hydrogen Solubility in Ni, Ni-Cr and Ni-Mo Alloys
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Hydrogen solubility in nickel and solid solution alloys in the binary system Ni-Cr and
Ni-Mo with varying chromium or molybdenum content was measured by a rapid quench and
hot vacuum extraction method at temperatures from 500 to 1000°C under hydrogen gas at
pressure of 1 atm.

The addition of Cr or Mo to nickel decreased the limit of hydrogen solution; in Ni-Cr
alloys it became the lowest value at the composition of 20 wt% Cr and in Ni-Mo alloys
containing less than 15 wt% Mo decreased monotonously with increase of Mo content. An
attempt was made to correlate the solubility ratio, the ratio of hydrogen solubility in nickel
alloys to that in nickel, plotted as a function of electron/atom ratio with the change in the
electron density of state. It has been ascertained that there is somewhat correlation between the
hydrogen solubility and the density of state. The activation energy, Es, and the partial excess
molar entropy, 4Sy*S, for the hydrogen solution in nickel were 3,090+80 cal/ mol and —12.6

0.1 cal/mol-deg, respectively, and the latter value for Ni-Mo alloys decreased.
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Table 1 Chemical Composition of alloys (wt%)

Alloys Ni Cr Mo Al
Ni 99.95 | N.D. | N.D. | 0,003
Ni-10Cr Bal. | = 9.97 — | 0.005
Ni-20Cr Bal. | 19.52 — | 0.003
Ni-30Cr Bal. | 28 84 — | 0.004
Ni-8Mo Bal. | N.D. 7.97 | 0.004
Ni-15Mo Bal. | ND. | 14.97| 0.003

N.D.; not detected
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Fig. 1 Schematic diagram of the apparatus for hydro
gen solubility measurements.
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Fig. 2 Hydrogen solubility isotherms for Ni-Cr and
Ni-Mo alloys at 1 atm H, pressure.
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Fig. 3 Relationships between hydrogen solubility ratio
(Sx/Sw;) and electron density of state (No) as
a function of electron/atom ratio(e/a) of various
binary alloys.
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Table 2 Activation energy, Es, frequency factor, So,
and partial excess molar entropy, 4S,*S, for the
hydrogen solution in Ni, Ni-Cr and Ni-Mo alloys.

So[cc (NTP) /100 | 4Sy+° (cal/

Alloys | Es(cal/mol) ot metal] ol - deg)
Ni 3,000+80 | 329722 —12.640.1
Ni-10Cr | 3,220+80 | 286111 ~12.9+0.1
Ni-20Cr| 3,800+210 | 36.8738  |—12.4+0.2
Ni-30Cr| 3,560+270 | 34.17%7 —12.640.3
M%MoZJ%i%OIZ&{gé —13.140.2
Ni-15Mo | 2,850+:300 | 207739 —13.340.3
Ni*  |2,080460 | 33.4+1.2  |—12.60.1

*by W.M. Robertson!”

B *

Ni-Cr& Tl FEH N = v ¥ 112 { bX, Ni-10Cr, —20Cr L 0*—30Cr¢, ThZhi# 0.2, 0.6, Bk

O 0.9%HMF B, —F Ni-Mo RTiE, BFEHMN= » 7 L < B~ Ni-8Mo X 0—15Mo TEhEh

#0.6% B LV 1.1% Hind57,
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Fig. 4 Hydrogen solubility in solid Ni, Ni-Cr and Ni-Mo alloys as a function of temperature.
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